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Introduction
Chronic prostatitis syndromes are serious, invaliding conditions. The quality of life for a man suffering from chronic prostatitis is similar to that experienced by patients affected by myocardial infarction, unstable angina, or Crohn's disease. 1 Symptomatic chronic prostatitis syndromes are generally classified as bacterial or abacterial. Category II chronic bacterial prostatitis (CBP, National Institutes of Health [NIH] classification) is diagnosed when uropathogens are cultured from a chronically infected prostate in patients suffering from repeated symptomatic episodes of bacteriuria. 2 CBP signs and symptoms may include perineal pain, testicular pain and/or other forms of pelvic pain, irritative and/ or obstructive bladder symptoms, hematuria, pyuria, ejaculatory pain and sexual dysfunction. CBP lacks the typi-
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equal or superior to 17, 14 and (ii) two or more relapse episodes of CBP occurring in the previous 12 months.
CBP patients were excluded from the study if they presented any of the following conditions: category I acute bacterial prostatitis, chronic prostatitis involving Chlamydia trachomatis, Ureaplasma urealyticum, fungi or protozoa, category III chronic prostatitis/chronic pelvic pain syndrome, therapy with antibacterial agents or other medications effective at the prostatic level within a period of 14 days prior to prostatitis diagnosis, renal/hepatic/cardiac insufficiency (for liver disease: AST/ALT levels twice above the upper limit were exclusion criteria), arrhythmia, long QT syndrome, indwelling catheters, cystostomy, ureterostomy, previous prostatic surgery or radiotherapy, neoplasia, chronic diarrheal disease or any other gastrointestinal condition affecting drug absorption.
Diagnosis
The following data were obtained for each patient: clinical history, clinical status (including digitorectal examination) and the severity of chronic prostatitis symptoms, scored with a Croatian translation of the NIH-CPSI questionnaire, rating pain, voiding symptoms and the impact of the disease on the quality of life of patients.
Urethral swab specimens and samples of urine and expressed prostatic secretions (EPS), according to the "4-glass" lower urinary tract segmented test 15 were collected in each patient. Quantitative segmented cultures and bacterial identification of Gram-negative and Gram-positive bacteria in first-voided, midstream, and post-massage voided urine (VB 3 ) specimens and EPS were preformed at the Clinical Microbiology Laboratory of the University Hospital for Infectious Diseases "Dr Fran Mihaljević", Zagreb, by standard microbiological techniques.
The number of leukocytes and Gram-positive and Gramnegative bacteria was determined in 1 ml of urine from the segmented test. Expressed prostatic secretions (EPS) and urine samples collected immediately after prostatic massage were also examined for the presence of Chlamydia trachomatis, Ureaplasma urealyticum, Mycoplasma hominis and Trichomonas vaginalis. Urethral swab specimens were analyzed for Chlamydia trachomatis, Ureaplasma urealyticum and Mycoplasma hominis.
Study design and treatment regimen
This prospective, noncomparative open-label pilot study was performed on a cohort of 30 CBP patients selected on the basis of stringent inclusion/exclusion criteria. All patients received a 4-week "switch-therapy" antibacterial protocol (post-hoc assessed compliance: 100%), based on the administration of intravenous azithromycin (500 mg once daily) and intravenous ciprofloxacin (400 mg twice daily) for three days, followed by oral ciprofloxacin (500 mg twice daily) for 25 days.
During the course of the study patients received no additional medication that would relieve their symptoms, or and infection relapses may continue to flare up for months or years, with a considerable impact on the quality of life of patients. Current research in the field of chronic bacterial prostatitis focuses on the optimization of therapeutic protocols aimed at achieving higher eradication rates and at minimizing the probability of relapse. 8 Over the last few years, we have optimized an aggressive antibacterial protocol for CBP, based on the administration of oral ciprofloxacin combined with oral azithromycin for 4 to 6 weeks. This regimen was well tolerated and was characterized by high eradication rates, by rapid and sustained symptom relief, and by a low number of recurrences. [9] [10] [11] [12] [13] In order to improve the outcome of antibacterial therapy in specific cases of CBP characterized by severe clinical symptoms concomitant with frequent infection relapses, we designed a therapeutic protocol aimed at exploiting (i) the effectiveness of the combination of antibacterial fluoroquinolones and macrolides, (ii) the important non-antibiotic intrinsic properties of macrolides, as well as (iii) the complete bioavailability of these antibacterial agents and the optimal systemic drug exposure achievable with intravenous drug administration.
Because long-term intravenous treatment is not sustainable in CBP patients, a "switch-therapy" protocol was designed to ensure optimal patient compliance.
A pilot study was conducted to investigate the safety and the clinical/microbiological efficacy of this therapeutic protocol.
Patients and methods
This study was conducted at the Outpatient Department for Urogenital Infections, University Hospital for Infectious Diseases "Dr. Fran Mihaljević'", Zagreb, Croatia, between 2008 and 2010. The Ethics Committee of the Hospital approved the study. An informed consent was signed by all patients after counselling.
Inclusion/exclusion criteria
We enrolled patients older than 20 years of age with CBP caused by traditional uropathogens and no evidence of anatomical abnormality of the genitourinary tract, assessed by prostate ultrasound imaging.
Patients were included in this study if they manifested the signs and symptoms of category II CBP, according to the NIH criteria (National Institute of Diabetes and Digestive and Kidney Diseases Chronic Prostatitis Workshop, 1995).
Signs/symptoms included pain or discomfort in the lower back and in the perineal, penile, suprapubic, scrotal or groin areas, painful ejaculation, dysuria, urinary frequency, urgency, hesitancy, nycturia, urinary retention or decreased urinary stream, prostate asymmetry or tenderness.
Specific inclusion criteria for this study were: (i) severe clinical symptoms, defined as the sum of NIH-Chronic Prostatitis Symptom Index (NIH-CPSI) pain and voiding scores Adela Kolumbić Lakoš i sur.
• Azithromycin and Ciprofloxacin for CBP tocol as well as possible adverse events were evaluated at the TOC visit, 6 months after completion of therapy and whenever adverse effects were spontaneously reported by patients.
Sample size and statistical methods
The Wilcoxon signed-rank test (WSRT) was used to analyze intragroup differences in NIH-CPSI scores at different time points, with an α error of 5% to define significance. Onetailed analysis was used, as it was only feasible that symptoms of untreated bacterial prostatitis patients would attenuate upon aggressive antibacterial therapy.
A priori sample size computation was performed, based on a minimally acceptable estimated effect size of -0.91, corresponding to a "slight symptom improvement" scored with the NIH-CPSI test, according to Propert et al. 16 A sample size of 10 was adequate for a one-tailed analysis, with a 5% α error probability and 80% 1-β error probability.
The XLStatistics 5.71 program (http://www.deakin.edu. au/~rodneyc/XLStatistics/) was used for statistical inference; the G*Power 3.1 software 17 was used for a priori and post-hoc statistical power analysis.
Results
The median age of enrolled patients was 51 (range: 27-65). At the baseline visit, 27 and 3 patients manifested single-pathogen and double-pathogen infections, respectively. The baseline median NIH-CPSI total score of the patient population was 32 (range: 25-38). 
Clinical efficacy endpoints and microbiological response definitions
Microbiological efficacy was the primary outcome of this study. The pathogen loads in expressed prostatic secretions (EPS) or in bladder urine specimens collected immediately after prostatic massage (VB 3 ) were microbiological outcome measures. A bacterial count inferior to 10 3 CFU/ml in EPS or VB 3 defined microbiological eradication. If only Gram-positive cocci were found (with the exception of Enterococci and Staphylococcus aureus), a bacterial count inferior to 10 4 CFU/ml was the eradication criterion. Microbiological persistence was defined as bacterial counts of causative pathogen equal or superior to eradication thresholds. Eradication with superinfection was defined as baseline pathogen eradicated (<10 3 CFU/ ml or <10 4 CFU/ml if Gram-positive cocci, with the exception of Enterococci and S. aureus) with appearance of a new pathogen (≥10 3 CFU/ml or ≥10 4 CFU/ml if Gram-positive cocci).
Clinical efficacy, the secondary outcome of the study, was measured using the NIH-CPSI. The clinical efficacy endpoint was the sum of NIH-CPSI pain and voiding symptom scores, categorized into mild (0 to 9 points), moderate (10 to 16 points) and severe (17 to 31 points) according to McNaughton Collins et al.
14 Statistical significance of decreases in NIH-CPSI total scores, pain + voiding scores or quality of life impact scores was also calculated by nonparametric analysis. Tolerability of the experimental pro- Table 1 . 
Microorganisms isolated from prostate-specific specimens and per-pathogen eradication data in 30 CBP patients subjected to the switch therapy experimental protocol at test-of-cure visit (4-6 weeks after the last dose of ciprofloxacin) and at follow-up visit (six months after the end of therapy)

Discussion
Intravenous administration of antibacterial agents is currently reserved for cases of acute bacterial prostatitis. International guidelines recommend parenteral administration of high doses of bactericidal antibiotics, such as broad-spectrum penicillins, third-generation cephalosporins or fluoroquinolones, combined or not with an aminoglycoside. 3 ,4,5 After defervescence and normalization of infection parameters, treatment can be switched to oral antibiotics, and continued for about 2-4 weeks. 3, 4, 5 The present pilot study was aimed at assessing whether a switch-therapy regime could also be suitable for severe cases of chronic bacterial prostatitis. The results presented in this paper demonstrated the efficacy and safety of a 4-week therapy protocol based on the intravenous administration of ciprofloxacin and azithromycin, followed by oral ciprofloxacin. Microbiological eradication was achieved in 90% of patients (27 out of total 30 enrolled subjects). This effect was associated with prompt resolution of severe CBP symptoms, assessed with the NIH-CPSI test. In three cases of multiple infection, apparent microbiological eradication at test-of-cure visit was followed by reappearance of the same pathogens assessed at baseline. Interestingly, in all other cases, no infection relapse has been reported to this day (about 12 months off-therapy). The most likely reasons for relapse of infection in CBP are the relatively low prostatic concentrations of antibiotics achievable with currently available oral agents and dosages, or the persistence of pathogens within the prostate gland in the form of quorum-sensing regulated biofilms. 19 Compared to planctonic pathogens, sessile bacterial biofilms are characterized by different metabolic patterns and by reduced susceptibility to antibacterial agents. The administration of agents able to dissolve or inhibit biofilms, or the achievement of increased serum and, in turn, tissue concentrations of antibiotics are two conceivable therapeutic approaches to relapsing CBP. Both approaches were attempted by administering fluoroquinolones and macrolides intravenously.
Macrolide antibiotics do not only provide clinical benefit in chronic bacterial infections as a result of direct antibacterial effects. They exhibit biofilm inhibiting effects, as well ative pathogens at the TOC visit, and 3 showed microbiological persistence. Six months after the end of therapy bacterial infection was detected in 6 patients. In one case the same baseline pathogen type (E. coli) persisted throughout the whole study. In two cases eradication of the baseline pathogen with superinfection by a different organism was observed, whereas in three cases baseline pathogens, apparently eradicated at the TOC visit, were detected during the follow-up visit.
All enrolled patients had severe symptoms at baseline as inclusion criterion. NIH-CPSI pain + voiding scores ranged between 19 and 29, and total scores ranged between 25 and 38. The antibacterial switch-therapy protocol caused a marked attenuation of CBP clinical symptoms, measured with the NIH-chronic prostatitis symptom index. At the TOC visit, 25 patients (83%) showed mild or absent symptoms, whereas 5 patients (17%) showed persistence of severe symptoms (Fig. 1) . No patient had moderate symptoms. At the 6-month follow-up visit, two more patients showed severe symptoms (23%), whereas the remaining 23 persisted in a condition of symptom remission (Fig. 1) . The decrease of pain + voiding scores, of quality of life impact scores and of NIH-CPSI total scores in the entire patient cohort was statistically significant in all cases (p<0.01, baseline vs. TOC scores; p<0.01, baseline vs. follow-up scores, Wilcoxon signed rank test). 30, 31 Therefore, azithromycin behaves like ciprofloxacin, which shows a concentration-dependent killing activity, and was co-administered with the macrolide.
In conclusion, elevated peak plasma concentrations achieved with intravenous administration may possibly lead to increased prostatic concentrations of both azithromycin and ciprofloxacin, and ultimately to enhanced antibacterial, antibiofilm and anti-inflammatory activity of the tested drug combination. As no adverse effects were recorded or spontaneously reported by patients, increased drug concentrations apparently did not cause the emergence of signs of toxicity. Due to the noncomparative design of our study, these results should be evaluated conservatively and confirmed in a randomized controlled setting.
as a variety of immunomodulatory actions which promote host defense. [20] [21] [22] [23] [24] These effects of macrolides are well known and extensively exploited in the treatment of pulmonary conditions. In cystic fibrosis and bronchiolitis obliterans, combined actions of macrolides probably result in increased clinical efficacy than their direct antibacterial actions alone.
When administered orally, azithromycin shows ~ 40% bioavailability, due to incomplete drug absorption. 28 Following single oral doses of 500 mg azithromycin, Cmax and AUC24 were reported to be 0.41 μg/ml and 2.6 μg · h/ml, respectively. These values are approximately 38% and 52% of the values observed following a single 500 mg 3-hour intravenous infusion (Cmax: 1.08 μg/ml, AUC24: 5.0 μg · h/ml). 29 Increased bioavailability and higher peak plasma concentrations achieved upon intravenous administration of azithromycin may also have concurred to the favorable microbiological and clinical results of treatment.
